Backgrounds/Aims: To describe the techniques, short-term outcomes, and learning curve of solo single-incision laparoscopic cholecystectomy (Solo-SILC) using a laparoscopic scope holder. Methods: A total of 591 patients who underwent Solo-SILC from July 2014 to December 2016 performed by four experienced hepatobiliary surgeons were retrospectively assessed. Solo-SILC was performed using the parallel method using a scope holder. The moving average method was used to investigate the learning curve in terms of operative time. Results: In total, 590 Solo-SILC procedures were performed. Very few procedures were converted to multi-port laparoscopic cholecystectomy. There was one case of bile duct injury. The mean operative time (59.93±25.77 min) was shorter than that in other studies of SILC. Three postoperative complications, delaying bile leakage, occurred in the patients treated by one surgeon. These cases were resolved by ultrasound-guided puncture and drainage. The learning curve for surgeons A, B, and C was overcome after 14, 12, and 12 cases. Surgeon D, who had the most experience with SILC, had no obvious learning curve. Conclusions: Hepatobiliary surgeons experienced in LC can perform Solo-SILC almost immediately. Solo-SILC using the parallel technique represents a more stable option and is a promising treatment for gallbladder disease. (Ann Hepatobiliary Pancreat Surg 2019;23:344-352)
INTRODUCTION
Since the introduction of laparoscopic cholecystectomy (LC) in 1985, 1 it has been accepted as the gold-standard surgical procedure for benign gallbladder (GB) diseases.
With the development of laparoscopic skills and equipment in response to the demand for cosmesis after surgery, efforts have moved towards reducing wound size and postoperative pain. After single-incision laparoscopic cholecystectomy (SILC) was described in 1997 by Navarra et al., 2 several studies have been conducted to demonstrate the benefits of the procedure compared to conventional LC. Three studies using a wound satisfaction score detected significantly improved cosmetic appearance provided by SILC compared with LC. [3] [4] [5] Other studies demonstrated significantly reduced postoperative pain in the SILC cohort. [6] [7] [8] However, an overall complication rate of 7.3% and ductal injury rate of 0.39% were reported in previous studies, which exceed those of conventional LC. [9] [10] [11] [12] According to a recent review article by Greaves and Nicholson, "As surgeons, we should not advocate for slightly improved cosmetic value over safety". 13 Due to technical difficulties and safety issues, SILC was introduced 20 years ago but is still not considered a standard procedure.
Some surgeons consider SILC to be associated with frequent deviations from safe standards and believe that evidence regarding such techniques offering any real benefit to patients is lacking. 14 This is because SILC is a difficult procedure and the total wound size is similar to that associated with conventional LC. Furthermore, the procedure can be stressful for the surgeon.
When performing SILC, the operator and camera operator (scopist) share the operative field, which limits the operator's activity (Fig. 1A) . This exacerbates the clashing of instruments, which is the major limitation of SILC procedures. 15 These issues result in a steep learning curve for SILC. Our center started performing solo SILC (Solo-SILC) in 2014. Our variation uses the parallel method rather than the crossing method. This widens the activity range of the operator and solves difficulties associated with the crossing method. A solo surgery is defined as a procedure in which the surgeon alone manipulates all instruments, including the camera, to avoid communication problems and unnecessary camera movements ( Fig. 1B ). 16 Recently, our center reported that Solo-SILC is a feasible technique in a small group of patients. 17 With the above in mind, this report describes the technique, short-term outcomes, and learning curve of Solo-SILC with the aim of helping other surgeons overcome the initial learning period smoothly and safely. Society of Anesthesiologist score (ASA) ＞3 or were unable to tolerate general anesthesia due to other reasons, they were excluded from the study. 18 To compare the severity of disease, we categorized the presence of preoperative percutaneous transhepatic biliary drainage (PTGBD) and emergency surgery. We compared the presence of preoperative fever (℃), white blood cell (WBC) count 
MATERIALS AND METHODS

Surgical outcomes and histologic diagnosis of the resected GB
The surgical outcomes and histologic diagnoses of the resected GB are shown in Table 2 . The mean operative time 
Complications
During the mean follow-up period (24±7.2 months), the incidence of postoperative complications was not significantly different among the different surgeon groups (p=0.27) ( 22 Pan et al. 23 concluded that surgeons who are experienced in conventional LC are likely to pass the learning curve after performing 20 cases of SILC. Mutter et al. 24 did not show any significant reduction in operative time with increasing experience.
Compared to the above results, the present study showed a relatively short learning curve for Solo-SILC, and the mean operative time was shorter than that in other studies. 25 Surgeons A, B, and C, who have been trained in Solo-SILC with a relatively standardized procedure, were able to overcome the learning curve relatively quickly despite having no experience of SILC. The primary concern and source of skepticism for many surgeons considering the place of SILC is the frequent deviation from standards. 13 However, this study shows that standardization of procedures can ensure stability. Several studies have described SILC using the crossing method to overcome the left-right reversal of in-struments. 14, 15 In our center, we use the parallel method, which is similar to the conventional instrumental manipulation method. The most important thing when starting a new procedure is patient safety. As shown in Table 3 , the total complication rate was 3.21% in the present study.
There were only 24 (3.72%) cases of additional port insertion and one case of open conversion (0.17%). As Table 4 shows, when comparing these outcomes with those of SILC, the patient safety provided by our novel approach to Solo-SILC is acceptable.
There are several methods for assessing a surgeon's learning curve. The ideal approach is to use multivariate logistic regression or the cumulative sum method, both of which have been used recently. 26, 27 These methods usually This study has several limitations that should be noted.
First, this was a retrospective study, which means that the possibility of selection bias cannot be excluded. Second, the follow-up period was short. A longer follow-up will be required to confirm our findings and investigate other issues, such as the rate of incisional hernia. Third, the results of resected GB histology included acute cholecystitis, GB empyema, GB gangrene, and xanthogranulomatous inflammation. In the early period, we performed Solo-SILC for suspected symptomatic GB stones or chronic cholecystitis. With the accumulation of cases, the indications for Solo-SILC were expanded to include acute cholecystitis.
In conclusion, this study reports that hepatobiliary surgeons experienced in LC can overcome the learning curve of Solo SILC within 12-14 cases. Moreover, a surgeon with more experience in conventional LC and SILC experienced no learning curve. Solo-SILC is a technique that can overcome the shortcomings of SILC after the learning curve and provide a more stable surgical option. Solo-SILC is a promising treatment for GB disease.
